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the fill stabilized through consolidation. Within approximately 9 months, the upland sub-
strate had stabilized at the desired surface elevation.

The modified elutriate test adequately predicted the dissolved concentration of
contaminants and the contaminant fractions of the total suspended solids (SS) in the
effluent. Comparison of laboratory results with field data indicated that the modified
elutriate test was a generally conservative predictor. The column settling analysis and
corresponding prediction of effluent SS concentration compared favorably with field data
and yielded a conservative estimate of the effluent SS. Dissolved oxygen levels showed
marked increases due to turbulence, mixing, and atmospheric reaeration, confirming that
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oxidizing conditions were present in the disposal area ponded water. Total metal concen-

trations reflected a high removal due to sedimentation in the disposal area, with an aver-
age retention of 98.3 percent. Results for total phosphorus, total organic carbon, and
polychlorinated biphenyl (PCB) removal were generally similar to those for metal removal.
The US Environmental Protection Agency (USEPA) Maximum Water Quality Criteria for Protec-
tion of Aquatic Life were exceeded for copper, nickel, and PCBs.

Results of the surface runoff water quality test procedure conducted on composited,
wet dredged material in the laboratory showed that contaminants would be poorly soluble
and tightly bound to the particulates. However, when the wet dredged material was allowed
to dry and oxidize, significant physicochemical changes occurred in the material that
increased soluble contaminants in resulting runoff. Dissolved concentrations of cadmium,
copper, nickel, zinc, and manganese in surface runoff from the dry, oxidized material were
not significantly different from unfiltered or total concentrations, indicating that all
of the observed metals in runoff were in a soluble form.

The surface runoff water quality test procedure was conducted on the upland site.
Results verified the laboratory predictions; zinc, cadmium, copper, manganese, and nickel
were in the dissolved fraction of runoff water in concentrations that exceeded the USEPA
Water Quality Criteria, Based on these data, control measures or restrictions are
required for dissolved contaminants in surface runoff from the Field Verification Program
upland site.

Results of the ground-water monitoring at the upland site indicated that an initial
plume of PCBs may have migrated into the ground water after placement of the BRH sediment
into the site. However, after l4 months, PCB levels had decreased to below detectable
limits, which indicated that any migration from the site had ceased. Analysis of ground
water for heavy metals revealed that only cadmium may have migrated from the site into the
ground water. Arsenic, manganese, and cadmium concentrations were above Connecticut State
standards both in unfiltered and filtered ground-water samples; however, arsenic and
manganese concentrations were above standards prior to disposal operations. Only cadmium

appeared to continue to migrate from the site after 14 months.

The estuarine plant bioassay procedure was used in the laboratory to evaluate heavy
metal uptake by plants from composited BRH sediment. Conduct of the laboratory portion of
the bioassay substantiated the chemical predictions. Death of Spartina alterniflora in
the site was so clearly predicted by the laboratory tests and an in situ field plant bio-
assay that S. alterniflora was not tested further in the field. However, Sporobolus
n7raqn7ﬁus survived in limed dredged material;, as predicted. Results from the laboratory
test predicted S. virginicus grown in the amended dredged material would take up excessive
amounts of some of the heavy metals and not take up others. Cadmium and zinc contents in
the field-grown plants were relatively close to values observed in the greenhouse.

Nickel, chromium, and copper were predicted to be elevated; field results showed, however,
that they were not elevated. Lead contents were predicted to be low in greenhouse-grown
Ta
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The US Army Engineer Waterways Experiment Station earthworm bioassay procedure was
applied to composited BRH sediment in the laboratory. The initial earthworm bioassay
indicated that the sediment was quite toxic. Tests using diluted substrates and sub-

strates rinsed to remove salinity did not indicate elevated tissue levels of heavy metals
or Qrganic contaminante, q“hnnnnnnf tegts indicated that the fnY'lr““"v was nnnarpnf-'lv due

to extreme sediment salinity under upland oxidized conditions, Field verification of the
earthworm test was accomplished and showed that the material was indeed toxic to earth-

worms under field disposal conditionms.
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SUMMARY

Introduction
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on Program (FVP) was designed as a cooperative
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ffort between the US Army Corps of Engineers (CE) and the US Environmental
USEPA) to field verify testing procedures for implementing
the evaluative requirements of Section 404 of PL 92-500 (Clean Water Act), and
Section 103 of PL 92-502 (Ocean Dumping Act).

cedures developed by the CE and USEPA were applied to the Black Rock Har-

Through the FVP, promising pro-

f disposal under three different disposal alternatives:
i

dal, and upland. This report examines only the upland por-

tion of the project.

The specific objectives of this report were to provide the results of
field verification of several predictive techniques: (a) verification of pro-
cedures for predicting the quality of effluent discharge from the site during
drilling operations, (b) verification of procedures for predicting the quality
of upland surface runoff resulting from rainfall following disposal,

(¢) determination of possible changes in ground-water quality following dis-
posal, (d) verification of procedures for predicting the potential for contam-

d) n
inant mobility into plants, and (e) verification of procedures for predicting
1

the potential for contaminant mobility into soil-dwelling animals. Results of
the FVP will provide both the CE and USEPA field elements with documented and

verified state—of-the-art techniques and interpretative procedures for comply-

evaluation of dredged material.
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face area, elevation, and operational requirements for FVP water quality and
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. Designs for sedimentation and storage followed



Provisions were made to ensure that similar BRH dredged material was

intertidal sites were constructed within a protected area using conventional

t
construction techniques and were hydraulically fille barges. The fill-
d

e
rovided conditions
ovided conaltilior

1S

o
=
o
e
=]
o
09
®
o}
()Y
©n
e
H
Hh
o
0
®
£
o
ot
)
=
o
o
rt
=
©
h
[N
[
(=]
0
o
o

- o
M g
[
[N
N
o
o
t
[
H
o)
c
()
o
0
Q
=
»
o)
[
(=%
o
)
-+
e
o)
=)
-
=
e
n

elevations.

.y

water quali
associated contaminants under quiescent settling conditions and accounted for
the typical geochemical changes that occurred in the site during disposal
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was also used to
centration of the effluent for the given operational conditioms,

f
The modified elutriate test adequately predicted the dissolved and

article-agsociated concentration of contaminants Comparisons of laboratory
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test results with field data indicated that the modified elutriate test was a
generally conservative predictor leading to a slight overprediction of field

effluent concentrations. The column s 1g anal
diction of effluent SS concentration compared favorably with field data and
vielded a conservative estimate of the effluent SS. Effluent SS data col-
t

lected during disposal indicated that the site was efficient in retaining SS.
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with the influent due to turbulence, mixing, and atmospheric reaeration.

These increases confirmed that oxidizing conditions were present in disposal
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cent. Results for total phosphorus, total organic carbon, and polychlorinated
1

biphenyl (PCB) removal were generally similar to those for metal removal. The

USEPA Maximum Water Quality Criteria for Protection of Aquatic Life were, how-
ever, exceeded for dissolved copper, nickel, and PCBs.

Results of the surface runoff water quality test procedure conducted on
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BRH sediment in the laboratory showed that contaminants were poorl
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e and tightly bound to the particulates, Total or unfiltered concentrations

1
of heavy metals in surface runoff from the site were predicted to be exces-
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t may be easily controlled by allowing the SS to settle out of the
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the BRH sediment was allowed to dry and oxidize, significant physicochemical

changes occurred in the material that increased the solubility of some of the

manganese in surface runoff from the dry, oxidized BRH sediment included all
of the unfiltered or total concentrations. This indicated that all of the

< +T
were in the d

The surface runoff water quality test procedure was conducted on BRH

dredged material in the site. Results verified the laboratory predictions;

runoff water in concentrations that exceeded the USEPA Water Quality Criteria

for both the laboratory and field tests.

Ground-Water Quality

of PCBs had migrated into the ground water after placement of the BRH sediment
into the site. However, after 14 months, PCB levels had decreased to below

which indicated that continued migration of PCBs from the

o -2y WIL 1 L L 13 Idecd llleldilOl

site had ceased. Analysis of ground water for he
cadmium may have migrated from the site into the ground water. Arsenic,

manganese, and cadmium concentrations were above Connecticut State standards

w



both in unfiltered and filtered ground-water samples; however, arsenic and

manganese concentrations were above standards prior to disposal operations.

.
Only cadmiur

to continue to m
However, because of a lack of predredging background data and possible effects

of seasonal fluctuations in the ground water at the site, ground-water moni-

m e cmnTr TS

he estuarine plant bioassay procedure was
evaluate heavy metal uptake by plants from composited and homogenized BRH
sediment. Chemical analysis of the composited BRH sediment was conducted as

1. -—

nt s nla 14 ure a
part of the plant bioassay proceaure amn

the disposal site would eventually become extremely acidic and highly saline

upon air drying. Lime addition and rinsing with fresh water were necessary
for growth of the estuarine index plants Spartina alterniflora and Sporobolus

virginicus and subsequent evaluation of plant uptake of heavy metals in the

laboratory.
Conduct of the laboratory portion of the plant bioassay procedure sub-

stantiated the chemical predictions. Neither index plant species grew in
unamended, unrinsed composited BRH sediment. Death of S. alterniflora in the

.
site was so clearly 1 ory tests an

redicted by the laboratory tests and an in situ field

+ o~

plant bioassay that it was not tested further in the field. Results from t
laboratory test predicted that S, virginicus would grow in the amended dredged

material and would take up excessive amounts of some of the heavy metals and

.

not take up others. Laboratory test results

a

redicted that comcentratio

pred
cadmium in S. v rgi nicus would be elevated; field results showed that they
ate

d. but the difference

3]

as not statistically significant.
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i

Zinc, nickel, chromium, and copper were predicted to be elevated .
virginicus; field results showed, however, that they were not elevated. Lead

contents were predicted to be low in laboratory grown S. virginicus; field-

s
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worm tissue. Analysis of washed materials indicated that levels of heavy
metals and organic contaminants had not changed. These tests with washed
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salinity., Field tests verified laboratory test results and indicated that the

dredged material at the site was quite toxic, apparently due to excessive
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earthworm test will be accomplished only after the salinity decreases.
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PREFACE

This study was conducted by the Environmental Laboratory (EL) of the
US Army Engineer Waterways Experiment Station (WES), Vicksburg, Miss., during

1982-1986. The study was part of the Interagency Field Verification of Test-
ing and Predictive Methodologies for Dredged Material Disposal Alternatives

Program (Field Verification Program (FVP)). This Program was sponsored by the

Office, Chief of Engineers (OCE), US Army, and was assigned to the WES under
the auspices of the Environmental Effects of Dredging Program. The OCE Tech-

nical Monitors for FVP were Drs. William L. Klesch, Robert J. Pierce, and
John Hall. The objectives of this interagency program were to field verify
existing predictive techniques for evaluating the environmental consequences
of dredged material disposal under aquatic, wetland, and upland conditions.
The aquatic portion of the FVP study was conducted by the US Environmental
Protection Agency Environmental Research Laboratory, Narragansett, R. I., with
the wetland and upland portions conducted by WES.

he

ersonnel of the Plant Bioassay Tea
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Ecosystem Biomonitoring Team, the Surface Runoff and Restoration Team, an
Data Management Team of the Contaminant Mobility and Regulatory Criteria
Group (CMRCG), Ecosystem Research and Simulation Division (ERSD), and by the

Water Resources Engineering Group (WREG) and the Water Supply and Waste Treat-
ment Group (WSWIG) of the Environmental Engineering Division (EED), WES. The

Plant Bioassay Team was composed of: Dr. Bobby L. Folsom, Jr., Team Leader;
Ms. Judith C. Pennington; CAPT Todd R. Higgins; the late Ms Karen M.

Garner (Preston); Ms. Cynthia L. Teeter; and Ms. Joycie R. Bright. The Eco-
system Biomonitoring Team was composed of: Dr., John W. Simmers, Team Leader;
Dr. Henry E. Tatem; Ms. Carole P. Brown; Mr., Peter J, Pikul; Mr. R. Morris
Richards; Mr. R. Glenn Rhett; Ms. Susan A, Portzer; and Ms, Maryann Tweedle.

The Surface Runoff and Restoration Team was composed of: Mr. John G.
T

14
jue]

Hollins
Eskew; and Mr. Hugh McKenzie. Statistical analysis was provided by

Mr. Dennis L. Brandon of the Data Management Team, Dr. Michael R. Palermo,
Mr. Stephen A. Pranger, Ms, Marian Poindexter, Ms, Katherine M. Smart, and
Mr, Donald L. Hayes, WREG, were responsible for the effluent water quality

studies. Mr. Richard A. Shafer, WSWIG, was responsible for the ground-water

studies. The study was under the general supervision of Dr. Charles R, Lee,



d L. Robey, Chief, ERSD; Dr

Js il Lg v

Chief, EED; and Dr. John Harrison, Chief, EL. Dr. Robert M. Engler was the
E

Environmental Effects of Dredging Program Manager at the completion of the
study, and Mr. Charles C. Calhoun, Jr., was the previous Program Manager. The
FVP Coordinator was Mr. Robert L. Lazor. Dr. Thomas D. Wright was the Tech-

Dr. Simmers, Mr. Pranger, and Mr. Shafer and was edited by Ms. Lee T. Byrne of

the WES Information Products Division, Information Technology Laboratory.
Appreciation is expressed to Ms. Martha R. Barton, Mr. Horace C. Allen,

Mr. James R. Kemp, and Mr. Gary Emerson of the Plant Bioassay Team for their

help in conducting some of the experimentation during the course of this

study.

f WES.

COL Dwayne G. Lee, EN, was mmander and Director o
W

Dr. Robert

This report should be cited as follows:

Folsom, B. L., Jr., Skogerboe, J. G., Palermo, M. R., Simmers, J. W.,
Pranger, S. A., and Shafer, R. A, 1988, '"Synthesis of the Results of
the Field Verification Program Upland Disposal Alternative,'" Technical
Report D-88-7, US Army Engineer Waterways Experiment Station, Vicksburg,
Miss.
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PART I: INTRODUCTION

Background

and biomagnification of contaminant
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quality must be addressed as part o
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ng an
tives must be considered.

2. The Field Verification Program (FVP) was designed as a cooperative
e
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JE) and t

effort b 1 he US Environmental
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Protection Agency (USEPA) to field verify testing procedures for implementi
the requirements of Sections 404 and 103. Through the FVP, promisin
dures developed by the CE and USEPA were applied to contaminated dre

rial from the Black R

e}

c or
New England Division (Figure 1). The dredged material from this project was
t po

placed in both an aqua

___________ o M

and wetland environments.

s of disposal under three

tl
afforded a unique opportunity to evaluate result
tidal (wetland), and

rial
different disposal alternatives: open water, inter

.
ortion of ¢ oject., Results
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P
provide both the CE and USEPA field elements with documented
t
h

and verified state-of-the-art techniques and interpretative procedures for
complying with the regulatory requirements for evaluation of dredged material.

Objectives

.

3. The specific objectives of this report were to provid ie the

of field verification of several predictive techniques:
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Verification of procedures for predicting the quality of efflu-

ent discharge from the upland site during filling

operations.

Verification of procedures for predicting the quality of upland

surface runoff resulting from rainfall following disposal.

Determination of possible changes in ground-water

following disposal.
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Verification of procedures for predicting the potential for
memtomnrtd At TLaee fntn andT JeornTTLon cmemtommT o ciomdnae coem T man T
LalllilldIiit HUDLILLLU 411100 bU.L.L_U.Wﬂ.LJ.Lllg dlllllldlS Ullerl P.L' 1A
conditions.
Approach

Prediction of effluent water quality
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Confined dredged material disposal has increased in recent years,



areas* is dependent upon a number of factors relating to the physical, geo-
chemical, and physicochemical characteristics of the dredged material in rela-

tion to the confined disposal. The term "effluent" is defined for purposes of

this report as water that is discharged on a conti r tte
from confined disposal areas as they are being hydraulically filled during

ctive dis al operations.
5. The effiuent from confined disposal areas
material discharge under Section 404 of the Clean Water Act. Regulatory guid-

ance and evaluation procedures have recently been developed to predict contam-

inant release in effluent from confined disposal operations (Palermc 1985,
1986a, and 1986b). The field evaluations described in this report were con-

8
ducted to field verify these procedures.
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tling and consolidation resulting in a ""thickened” deposit of settled material
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active dredging operations. The
fluent may contain both dissolved and particle-associated (adsorbed, copre-
pitated, ion exchanged, etc.) contaminants. The majority of the total con-
centration of contaminants is commonly associated with particles.

7. Release of supernatant waters as effluent from confined disposal

areas occurs after a retention time that ranges from hours to weeks. Further-

n

more, actual discharge of supernatant is governed by the design and operation
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of the disposal area and location and operation of t
structure.

8. Several factors influence the concentration of suspended particles
and contaminants present in supernatant waters. A dredged material slurry

enters the ponded water as a density flow. Fine part
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The suspended particles ar
settling. However, some of the settled particles may reenter the water column

because of the upward flow of water through the slurry mass during compaction

* The terms ﬁconfined disposal area,” "confined disposal site," "diked
disposal area," "containment area," and "confined disposal facility" are
used interchangeably in the literature. In this report, "confined disposal
area" is the term of choice.



(or thickening). Wind and/or surface wave action will also resuspend settled

particles. If carrier water is released during active phases of disposal, all

transported with the particles in the eff
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the containment area.
9. The p
material disposal areas must account for both the dissolved concentration of
contaminants and for that fraction associated with the total suspended
solids (TSS) that are released. A modified elutriate procedure recently
developed for this purpose was used to make laboratory predic
water quality for this study (Palermo 1985, 1986a, and 1986b). This test
determines dissolved concentrations and particle-associated contaminants under
quiescent settling conditions and considers the geochemical changes occurring
in the disposal area during active disposal operations.
10. A column settling test procedure (Montgomery 1979; Palermo,
Montgomery, and Poindexter 19

dict water quality of the effluent for the given operational conditions pres-

ent at the FVP field site., Based on results from these procedures, total
concentration of contaminants in the effluent was predicted.

Prediction of sur-
face runoff water quality

11. The US Army Engineer Waterways Experiment Station (WES) Surface

Runoff Water Quality Test procedure (Westerdahl and Skogerboe 1982) was used

water quality. Rain

Hh

in the laboratory to predict surface runof
tions were conducted on BRH sediment using the WES rainfall simulator during

the early wet, anaerobic stage of the drying process. After the sediment had
completely dried and oxidized {a process that required more than 6 mon
rainfall simulations were again conducted, and runoff samples were collected

and analyzed. This series of tests represented the laboratory prediction of

12. After filling of the FVP upland disposal site, field plots were

established to conduct field rainfall simulations on the dredged material.

e field site soon after dis

=
b
n
0
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21 dvadoad materd
nal dredged materia

posal and transported to the WES to conduct additional laboratory surface run-

off water quality tests. Rainfall simulations were conducted on the field
plots and on the dredged material taken to the WES., Surface runoff water



1d surface runoff water quality were compared with the USEPA Maximum Allow-
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for the Protection of Aquatic Life to predict potential adverse
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Site management for control-
ing surface runoff water quality

13. The results of the surface runoff water quality tests conducted on

the original BRH sediment predicted that the actual upland field site should
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and demon-
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strations were conducted to determine the feasibility of using soil amendments
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amendments and plant species 1
tion Report (Lee et al. 1985). The soil amendments and p
The WES Rainfall Simulator was then used to quantify the surface runoff water
quality from several of the treatments.

t
d-water monitoring
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intended to give only a qualitative indication of the potential for contami-
nants to leach out of the dredged material and migrate into ground water. It
is realized that the ground-water aquifer potentially receives impacts from

other sources in addition to the BRH site.

5. A plant bioassay procedure was developed to evaluate the potential

1
for mobility from sediments of contaminants that are phytotoxic and/or are
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procedure was shown to be an excellent tool for predicting whether or not

tin
heavy metals g.s zinc and cadmium) were potentially bioaccumulated from
d
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the freshwater index plant. The freshwater plant bioassay procedure was modi-

fied and applied to an estuarine environment (Folsom and Lee 1985), The estu-
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Folsom and Lee (1985) and Lee et al. (1985) demonstrated that
n t

diethylenetriaminepentaacetic acid (DTPA) extraction data indicated that plant
uptake from air-dried oxidized estuarine sediments would be substantially

greater than that from the same estuarine sediments under flooded reduced con-

ditions. They suspected that potentially greater plant uptake from sediment
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alt had

d material. The estuarine plant bioassay proce-
dure of Folsom and Lee (1985) was used in the laboratory to evaluate contami-
take by R

y
described in a later section.

Prediction of potential toxicity
and/or contaminant mobility into animals

16, The WES earthworm bioassay procedure (Rhett, Simmer

g

was applied to predict potential biological effects

o]
b

posal of the BRH sediment. BRH sediment was collected and transported to the
WES for bioassay tests. Previous research (Simmers et al. 1986) has shown
that removal of excess salt is necessary for earthworm survival. However, the

salt leaching and drying process could enhance contaminant uptake. Results of

the earthworm bioassay procedure are described later.
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17. This section of the report describes the design, construction,

operation, and management of the FVP upland and wetland sites.* This section
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OL tne report aiso daescribes 0o tne si1ites, a4s consctrucered ana operateu, Ludl—
filled the various field study requirements for the FVP upland and wetland
studie The FVP upland and wetland sites had to meet specific design, con-
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portions of the study. These requirements included the following:

a. Dredged material placed in the upland and wetland sites must be
similar to material placed at the FVP open-water disposal study
site to ensure valid comparison of results.,

b. Dredged material must be hydraulically placed within the sites
in a2 manner normally used for confined disposal.

f 0.762 m mu

c. A minimum thickness of dredged material of 0.762 m must be
achieved in both upland and wetland sites following sedimenta-
tion and consolidation.

d. A minimum required surface area (inside dike toes) of
2,415 sq m for the upland and 743.2 sq m for the wetland must
be provided to allow for the placement of study plots.

e. Surface elevations following sedimentation and initial consoli-
dation must be at least 0,914 m above mean-high-water (mhw)
elevation for the upland and within the intertidal range for
the wetland.

Site Selection and Design
Qi+n caolantdian
[ 5y Y — DClCuU LAV
18. The FVP used contaminated dredged material from a project located
in a highly industrialized coastal area. Therefore, potential sites for
upland disposal and for wetland creation were difficult to locate. Several
sites were extensively studied, and preliminary designs and cost estimates

were prepared. Both the enclosure of small embayments immediately adjacent

* M. R. Palermo and S. A. Pranger. 1984, "Field Verification Program:
Upland/Wetland Site Design, Construction and Operation," Engineer Techmical
Letter, Denartment of the Armvy, Office of the Chief of Eneineers
Letter, Department of the Army, Office of the Chief of Engineers,
Washington, DC.
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to the BRH channel and upland sites in the immediate vicinity were considered.
All such sites were ultimately rejected because of real estate problems or
cost constraints. The site holding the best potential from a real estate and
cost standpoint, and the site ultimately selected, was located at Tongue
Point, Conn., about 4.5 nautical miles (8.3 km) from the BRH Channel (Fig-
ure 1). Although use of this site presented some constraints regarding the
transportation and placement of dredged material, its preconstruction setting
and availability of required surface area presented significant technical and
cost advantages.

19. The Tongue Point site is located on property owned by United Illu-
minating Company, a local electric utility. The test site location was origi-
nally constructed 20 to 25 years ago by diking an area of approximately
2.025 ha adjacent to the Bridgeport Harbor Channel and filling with random
fill material and construction debris. An access road was constructed atop
the dike, and a 38.l-cm culvert was placed through the dike roadway to allow
site drainage. Over the subsequent years, tidal flow through the culvert
resulted in the establishment of a saltwater intertidal wetland. Upland areas
were also established within the roadway enclosure,

20, The mean-high-tide (mht) elevation at Tongue Point is +2.073-m mean
low water (mlw). During the site surveys, it was noted that the culvert acted
as a constriction to the tidal flow, causing a time lag for high and low tide
and a difference in the tidal elevations within and outside the roadway enclo-
sure, High tide within the enclosure was observed to be +1.,737-m mlw, 0.335 m
lower than high tide in Bridgeport Harbor.

21, Areas within the roadway enclosure for the FVP upland and wetland
sites were chosen in consultation with interested State and Federal agencies
and the property owner. Separated upland and wetland sites were chosen to
ease construction and management. The final size and orientation of the sites
were based on minimum study requirements, site designs, existing topography,
and tidal flow conditions within the enclosed area. A site plan is shown in
Figure 2,

Site design

22, For purposes of this report, site design refers to the evaluation

of storage capacity and sedimentation capacity for the sites. Such evalua-

tions were necessary for achieving effective settling during disposal and

19
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Figure 2. Site plan for Tongue Point Study area
desired ultimate configuration of the substrate for both the upland and w
land sites.
23. The
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vailable surface areas for the sites were limited
the major effort or concern of the sedimentation design was to
allowable filling rate to the available volume for ponding.

24. Procedures found in Palermo, Montgomery, and Poindexter (1978) and
£

BRH and composited for testing (see Part III). Settling tests on sediment

subsamples were performed in 20.3-cm-diam columns to determine sedimentation
properties of the material and the requirements for the storage during dredg-

ing. Consolidation tésts were also performed to determine the time rates of

settlement for the dredged material.

ponding for the sites could maintain effective settling for a maximum flow
f

approximately 28.3 %/sec. Data on nomograms (Palermo, Montgomery, and
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26, Settling test results were used to determine the required volume

Minimum freebhoard and ondin
nimum rreepeoarg and pondl

e (durin
e (durir

1g dred

no
ng
ments and available surface areas were then considered in setting required
dike crown elevations and bottom grades for both the upland and wetland sites.

Thegse elevation were +4.267- and 2.134-m mlw for the upland and +2

0.914-m miw for wetland, respectively.
27. The final desired substrate elevation for the upland was

+2,652-m mlw or greater, or at least 0.914 m above the mht elevation

2 T TN =
/37-m miw) w

w

£l
L{T1l.,

ubstra
vation for the wetland was +1.676-m mlw, slightly below the mht elevation.
58

Results from the consolidation tests indicated that approximately 3,058 cu m
AL fn . Alamn Tl e Al it Lo T anad 2 2l LA s sl L1 .1
UL Il Siliu Clldlllel lHdalel lal must be pidCed Ul Lile Sites Lo dcdilieve 11indi sub=
strate elevations desired, or 2,294 cu m in the upland and 764.6 cu m in the
wetland.
Site Construction
28. The upland and wetland sites were constructed by grading and dike

construction along designated center lines. Both grade elevation and dike

s
crown elevation were determined as part of the site design. All earthwork was

performed by conventional construction equipment,
Wetland

29, In general, the wetland construction involved excavation of founda-
tion material to the elevations required to achieve a lower bottom grade

(accommodating the required dredged material thickness and still allowing the

surface elevation to remain within the intertidal range). A sandbag dike
t

along one side of the site was constructed so that it could be removed after
filling, if desired, to provide easy tidal interchange. The final bottom
grade for the wetland varied from +1.25 m through +0.914 m at the center to

+0.701-m mlw, sloping downward from the inflow point toward the weir. Final
2 — = (] 7D — Lo on — - T_ e Y —ea i _
1011 w L 40— L0 TL,070—Im Mmiw, dIld 1LOoldl Suridce
area was approximately 7,060 sq m. A photograph of the wetland site is shown

in Figure 3.
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Figure 3. FVP wetland site on the day following
cessation of disposal operations

30. Only minimum bottom grading was required in the upland site. Final
ari

ried from +2.134- to +1,524-m mlw, sloping downward from the

inflow point toward the weir. An area immediately around the weir was slo
downward to elevation +1.524 m to ensure a drainage gradient toward the weir
in order to ease later management of the site. Dikes for the upland site

Ma

involved the greatest construction effort. Material excavated from the wet-

land site and material from an adjacent borrow area were used in the dike con-

f
struction. Final upland dike crown elevations ranged from +4.267- to

/A [ N T oo ~a
+4.,572-m ml ith top 19 ¢

ot

828 m

(@]

. .

w
approximately 25,826 sq m. A photograph of the upland site is shown in
Figure 4.

Weir Structure

31. Weir structures consisted of 1.219-m-diam drop inlets welded to

baseplates and ballasted to prevent uplifting during filling operationms. The

1
weirs had provisions for adjustable risers of various sizes to finely adjust

22



operations

Instrumentation

29 T cx doames +na+d 3
VAN imstrumentacion Cconsis

wells was installed during construction. Settlement plates consisting of ver-

o' o

n
tical risers marked at 6-cm intervals were placed in both sites to monitor

f the fi11

e. The wells

o
ct

and along the outside toe of each dike segment in the upland s

were used for ground-water sampling before and after filling.

33. Since the available sites for upland and wetland stud

S were
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3 tudie
located at a distance from the BRH Channel, transportation and off-loading of
t

the material from barges were required. Material was removed by clamshell
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dredge from the chann aving a strip o
channel extending throughout the undredged reach. This undredged strip was
later used for acquiring the upland/wetland material, meeting the requirement

) MO
e

that t same sediment be
As the upland/wetland sites were readied to receive the material, a 10-cu m

clamshell dredge excavated approximately 4,588 cu m from the reach and placed
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the material into two 3,058-cu m-capacity barges. The dredging operation was
easily accomplished within 24 hr. During the dredging, the clamshell bucket
”herefore, the material in the filled barges 1

condition. The barges were then transported to a mooring barge located adja-

cent to the site.

e
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confined dredged material disposal. During initial pumping, several intakes

.
1
pump, and an attached 7

2—-cm booster

pump for adding slurry water was finally selected. Another 10,16-cm pump was

used for additional slurry water as necessary. A crane was used to manipulate
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n Figure 5. A

15.2-cm dredge pipe, equipped with a wye-valve, split the dredged material
inflow between the upland and wetland site. During filling, the flow was pro-
depths of filling. This assured that essentially simiiar dredged material was
placed in both sites,

35. During the filling period, the inflow slurry solids concentration
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ranged from 50 to 100 g/% with a mean of approximately 61
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aintain the flow rate at the maximum allowable
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pumping was used to

28.32 %/sec. Filling was accomplished within a 13-day period. The mean
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site, therefore, had a high solids retention efficiency (99.7 percent) indi-
1

cating that the minimum flow rate as determined from the sedimentation design

qt
36. Measurements of solids concentration and accumulated depth of
w

slurry were taken periodically during the filling operation to monitor the
material volume and density., Filling was stopped when volumes and densities
in both upland and wetland were such that, after consolidation, the substrate

surfaces would be at the desired elevations.
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Figure 5. Water jet and pump intake used for
filling operations

Wetland
. .
37. Weir boards w n the wetland site following the fillin

were lowered in t
operation as consolidation of the fill progressed. This allowed an inter-
t

change of tidal flow through the weir

erosion of the dredged material. The rate of consolidation is shown in Fig-
t

ure 6. By late August 1984, the average surface elevation had fallen to

+1,676-m mlw due to
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onsolidation
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the desire
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gradient downward toward the weir

st t
left standing in a small area immediatel
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upland site, a dried surface crust of approximately 20.32-cm thickness had

developed in the area near where the inlet pipe had been located, and
personnel could easily walk on the surface crust. The rate of consolidation
late data is shown in Figure 6. By lat

1984, the average surface elevation had fallen to approximately
m

lw due to consolidation. This elevation was well above the minimum
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PART III: LABORATORY AND FIELD PROCEDURES

Ground-Water Monitoring

39. Ground-water samples were taken from four monitoring wells (Fig-
ure 7) prior to filling with BRH dredged material and from all six wells at
6-, 12—, and l4-month intervals after disposal (dredging schedule conflicts
prevented sampling all wells prior to filling). Four of the wells were
installed at the toe near the center of each side of the perimeter dike of the
FVP upland site; the other two were installed inside the upland area. The
wells were fabricated using 10.16-cm Schedule 40 polyvinyl chloride (PVC) pipe
with screw-type fittings and 10.16-cm Schedule 40 PVC well screen (Figure 8).
The slotted PVC well screen was inserted into the well boring, and washed sand
was poured into the boring surrounding the well screen., Washed pit-run sand
was packed around the PVC well screen and PVC pipe to within 0,6096 m of the
surface as the drill casing was retracted. Bentonite pellets were then placed
to within 0.3048 m of the surface to form an impervious plug. After installa-
tion, the wells were developed by pumping with a centrifugal pump. The suc-
tion hose to the pump was lowered into the well to a point that allowed the
pump to discharge at a constant rate. A protective 15.2-cm steel casing with
a locking cap was installed over each of the wells.

40. Ground-water samples were taken from four of the wells prior to
disposal and at 6-, 12—, and l4-month intervals after disposal. The afternoon
before sampling, the water level in each well was measured; then the well was
bailed. The next morning, water levels were measured, and samples were taken
with a Teflon bailer (USEPA 1982). Samples were collected from the six moni-
toring wells and analyzed for polychlorinated biphenyls (PCBs), heavy metals,
ammonia nitrogen, nitrate nitrogen, total organic carbon, oil and grease
(0&G), SS, pH, temperature, salinity, and electrical conductivity (EC) using
appropriate preservation techniques for each parameter. Chemical analyses
were performed on unfiltered samples for all but the l4-month sample collec-
tion. Both filtered (0.45-um) and unfiltered samples were analyzed for the

l4-month samples.
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Sediment Collection and Mixing

41, Prior to dredging, sediment samples were collected from 25 loca-

tions along the BRH Channel (Figure 9). The samples were collected using a
box-corer sampler (Figure 10). Samples were taken using the box corer from

the mouth of the harbor up to the point where Federal maintenance of the navi-

gation channel stops. The boat was positioned above the desired location, and
a

box corer was lifted out of the water and posi-

drum, the bottom of the corer opened, and the
d

with its included 1id. The drums were off-loaded from the boat and placed

into a refrigerated (4° C) truck. The drums were subsequently transported to

sediment in each drum was subsampled before being poured into a cement truck

* To convert feet into metres, multiply by 0.3048.

0



Immediately before sediment was to be placed into the cement truck, air was

displaced from inside the mixer with nitrogen gas. All of the sediment from

each of the 25 drums was then placed into the cement truck. The mixer was

Laboratory Procedures

Effluent water quality

42, Modified elutriate test procedure. The modified elutriate test

procedure (Figure 11) was conducted on the sediment samples using the proce-

(1985). The test edure consiste
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d. Extracting a sample of the supernatant water for analysis of
dissolved and total contaminant concentrations.

s
.
3. The influent solids concentratio
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ple collection at the site.

In this way, field data on influent solids concentration and mean retention
time were available prior to the test and were used in setting the test fac-
tors. Therefore, the comparisons of laboratory predictions and measured field
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44, The field influent solids concentrations were determined from

influent concentration was used as a target concentration in making up the

slurry for conducting the modified elutriate test procedure. Slurry concen-
trations in the laboratory can fluctuate with small variations in sediment

sample water content., For this reason, the slurry concentration for the pro-

cedure varied somewhat from the target concentration. The field influent con-
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influent laboratory
slurry concentration for the modified elutriate tests was 60 g/%.
45, As described in Field Procedures (paragraphs 60-71), the mean field

retention time was determined by dye tracer test to be 8 hr. This was the
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ssolved oxygen (DO) concentration, and pH were
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the laboratory. All measurements were taken immediately after sample
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yses for t
field samples taken in this study were conducted according to
h

st
Association (APHA) 1981; USEPA 1974a and

dures (American Public Healt 974b).
The samples were analyzed for total phosphorus, ammonia and nitrate nitrogen,

total organic carbon, total PCBs, chromium, copper, iron, lead, manganese, and
nickel.
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the TSS concentration w redict the total concentration

P
in the effluent, it was necessary to first calculate the fraction of the con-

taminants associated with the TSS in the elutriate sample. This fraction was

al

where
F.. = fraction of contaminant in the TSS, mg contaminant/kg of
SsS
6
(1 x 10°) = conversion factor, mg/mg to mg/kg
= total concentration, mg contaminant/% of sample
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fractions in the TSS are summarized for each site in Table 1.
49, Column settling test procedure. The column settling test procedure
(Palermo 1985) was used to predict the concentration of SS in the effluent,

ML o & nmde —mammmn T
iHe LtesL procead

a. Mixing sediment and water to a slurry concentration expected in
the influent.

b. Placing the slurry into a 20.32-cm-diam settling column (Fig-
ure 12) and allowing it to settle.

c. Sampling at several times the supernatant water above the
sediment water interface.
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51. Based on results of the column settling test procedure, the efflu-
ent SS concentrations could be predicted. The prediction was made using the

following steps (Palermo 1985):

I'alellly Qr;

a. Determine the relationship between SS concentration in the
supernatant water and settling time from the column test
procedure,

b. From a, select the SS concentration that corresponds to the
expected mean field retention time.



Table 1

Summary of Results from Modified Elutriate Test and

Predicted Total Concentrations of Contaminants

Modified Elutriate Results
Dissolved Predicted Total
Concentration Fraction of TSS Concentration
Variable* - mg/ 2 mg/kg SS mg/ %
Conductivity,
mmhos/cm 28,800 * 185 —— ——
Dissoived oxygen 5.03 + 0.998 —_— —
pH 7.5 * 0.34 —-— —_—
Total phosphorus 0.23 *+ 0,085 9,010 *+ 3,710 2,18 * 0.763
Ammonia nitrogen 31.6 ¢ 0,538 8,740 * 11,600 33.5 * 2,07
Nitrate nitrogen 0.034 % 0.00557 —_— ——
Total organic
carbon 20.5 * 0.517 218,000 * 8,480 67.7 £ 18.3
Chromium 0,0027 + 0.0019 1,770 ¢ 327 0.386 * 0.0715
Copper 0.006 * 0,0040 2,830 = 605 0.618 = 0.135
Iron 0.034 * 0.0083 66,000 * 9,820 14.3 * 2,12
Lead 0.0026 + 0.0015 2,410 + 1,910 0.524 * 0,414
Manganese 0.25 +# 0,017 667 * 450 0.390 * 0.099
Nickel 0.051 * 0,066 441 * 699 0.146 * 0.149
Total PCB 0.0013 *+ 0,0004 56.1 £ 49,2 0.0134 * 0.0105

* n = 10 for physicochemical variables, nutrients, and metals; n = 3 for PCB.
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52. A predicted value of 216 mg/f% for the e
determined from the column settling test results., This value was used in con-
junction with the elutriate data to predict total concentrations of contami-.
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53. The total concentrations are the sum of the dissolved concentra-
tions and the particle-associated concentrations. Dissolved concentrations
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associated concentrations were calculated using the contaminant fractions of
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where

C(total) = estimated total concentration in effluent, mg contaminant/%
of water

C(diss) = dissolved concentration determined by modified elutriate

test procedure, mg contaminant/% of sample
F(SS) = fraction of contaminant in the TSS calculated from modified

elutriate results, mg contaminant/kg of SS

ocof oo e T 00 At . L LT . a o mafoadn T L

Sb5(err) = predilcted oo concentration OI éerriuent esStimaceda 1r1om
evaluation of sedimentation performance, mg SS/% of water

1,000,000 = conversion factor, mg/mg to mg/kg

The results are summarized in Table 1.

4, The surface runoff water quality test procedure was initiated imme-
er placing the composited BRH sediment in laboratory lysimeters

t rs
). A S-Cm/hr—intensity storm event was applied to each lysimeter

18 W LoeEaLll 4

tensity was selected because it was the standard storm
ty used for calibrating the rainfall simulator (Westerdahl and

\d has been used as a standard storm event for comparison

ith natural storm events (Laws and Parsons 1943). S
ies were also used in rainfall simulations for development of the Universal

t
Soil Loss Equation

(Wischmeier and Mannering 1969) and soil erosivity nomo-

ez e ~

graph (Wischmeier, Johnson, and Cross 19

55. While 5 cm/hr for 30 min may be uncommon in different areas of the

o

country, an intensity of 5 cm/hr for brief periods is not. In addition, it
is the less common, high-intensity, high-vol
most to excessive erosion and surface runoff water quality problems. A single
d

T
intensity and duration storm event was also selecte

future sites.

56, Simulated rainfall was acidified with sulfuric acid to a pH of 4.0
to 4.5, which was the average pH of rainfall for the Bridgeport area (US

Department of Energy 1983). One lysimeter was used for the initial BRH sedi-

ment, and two lysimeters were used for dredged material collected from the FVP

57. Surface runoff from the laboratory lysimeter test procedure was
t

collected in a graduated cylinder once every minute for a duration of 10 sec,
and the hydrograph was calculated. Runoff samples were collected periodically
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Figure 13, Schematic of the WES rainfall simulator-
lysimeter system

in polyethylene bottles throughout the storm event. Samples to be analyzed

for PCBs and polyaromatic hydrocarbons (PAHs) were collected once in glass

bottles midway through the storm event. Samples were analyzed for EC, SS,
cadmium, copper, chromium, manganese, zinc, nickel, lead, mercury, arsenic,

0&G, PCBs, and PAHs,

Plant bioassay

58. The plant bioassay was conducted in an experimental unit (EU) simi-
lar to that by Folsom and Lee (1981b) (Figure 14). Previous studies (Folsom
1982a and 1982b) had indicated that removal of salt was necessary for plant
survival and subsequent growth. Therefore, the upland condition was prepared
by washing 1 vol (1 %) of subsamples of the flooded composited BRH sediment
with 3 vol (3 %) of reverse osmosis (RO) purified water. An electric stirrer
iment with the water. The SS were allowed to settle
(ca. 4 days), at which time the supernatant was removed by siphoning. The
sediment was washed two additional times using the above procedure. The

- under creenboiise conditria
washed sediment was subsequen;ly air=dried under greenhouse conditio



‘\ \ % 1 //_j___ Cyperus esculentus
' ~ YELLOW NUTSEDGE

/
//
=

/I
NGOV 7R
AN\ /AN TN
~ O\ WENAREHA %/A

ANID\ERY /A
R\ 72N \\Y//NM\

w22 7-L Bain Marie

| ™ 7.6-L Bain Marie

Schematic diagram of the plant bioassay
apparatus used in the study

38



(32.2° C for 16 hr of daylight and at 21.1° C for 8 hr of darkness). Lime was
added to achieve a pH of 7.0, and the washed, air-dried (upland) sediment to

be tested was placed into the inner container of the EU. The air-dried sedi-
ment was initially watered to moisten the sediment and to promote seedling

growth. The procedure of Folsom and Lee (1981b) was then followed with the

JI/U.ILL and S. u?zz'y'l':lb'bcus were grown as in
The sediment was analyzed for texture, organic matter (OM), EC, calcium car-
bonate equivalent (OCE), lime requirement, pH, total sulfur (TS), 0&G, and

nd DTPA oxtractahla)
d DTPA exTraciac.ie).

59. The WES earthworm bioassay procedure of Rhett, Simmers, and Lee
( ) was applied to subsamples of the composited BRH sediment., In the ini-

tial tests, in order to simulate salt leaching due to natural rainfall and to

enhance earthworm survivability, the sediment was washed with RO water until

the wash water indicated 0- salt as measured by a temperature compensated
refractometer (Model number 10419, American Optical, Buffalo, New York). The

sediment was then air-dried, pulverized, and rewet with RO water to field

apacity before the animals were added. As used here, field capacity is

n

efined as the maximum amount of

=9

ater that can be held within the pores of a
soil after excess water has drained, usually for 24 hr. Initial screening

tests indicated that the BRH sediment was quite toxic to the worms whereas a
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BRH reference sediment was material collected from an area of lesser contami-

nation at the mouth of BRH (Simmers et al., in preparation). A series of

>
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the BRH sediment was diluted with less contaminated material. A local wood-

[a VRN =N

land soil previously escribed as the WES reference soil (van Driel, Smilde,

BRH sediment and WES reference soil were used for a 7-day test period. About
40 g (live weight) of earthworms was placed in approximately 1 kg each of the

owing substrates: 10-percent BRH sediment and 90-percent WES reference

- *n P e nle]

soil; 100-percent BRH reference sediment and 100-percent WES reference soil.
The tests were conducted in a controlled-temperature growth chamber at 20° C.
No supplemental food was provided during the 7-day test period. A schematic
diagram of the EU is shown in Figure 15. Results of the test procedure are

reported in Part IV of this report.
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Figure 15. Schematic diagram of the animal bioassay
apparatus used in the study*

Field Procedures

Effluent water quality

60. The mean retention or residence time for the containment areas was
determined by conducting a dye study. Dye was injected at the point of
inflow, and dye concentrations of the effluent were determined. Mean reten-
tion time was calculated as the centroid of the dye concentration versus time.
The data were calculated prior to conducting the modified elutriate test pro-
cedure described previously so that the estimated retention time could be used

in setting the laboratory retention time for the test procedure. The mean

* To convert inches into centimetres, multiply by 2.54.
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retention time was also used with the column settling test results to estimate

the concentration of SS in the effluent.
61. Measurements of the ponded water depth were taken to calculate the

volume of the ponded water and the required dye volume prior to injecting the

<A PR ) T, P S TN Jeson wrme seoenm ne A e nAane
dye tracer. Rhodamine WT dye was used as a tracer. Th

tion time during the water quality sampling was approximately 8 hr, but the

model value was only about 15 min. The retention time distribution curve is

Influent/effluent sampling

62. Influent and effluent samplings were conducted during a 24-hr time
b

w
d effluent were based

(S 353 43 <

oth

Q

n

[

uent samples were taken directly

f
from the pipe discharging into the disposal area. The flow was allowed to
h

e

in Figure 17. A total of 23 influent samples were taken on an approximately

hourly basis during the 24~hr water quality sampling period.
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Figure 17. Influent pipe
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65. The influent and effluent samples were analyzed for total organic
carbon, ammonia and nitrate nitrogen, total phosphorus, arsenic, cadmium,

S
nickel

nNT

2ine. and total
zinc, and total

3
. Concentration of dissolved contaminants was obtained by analyzing

s
trate from a 0.45-ym millipore filter or by equivalent centrifugation.

66. Since total concentrations of contaminants were determined in both

influent and effluent at both sites, the retention percentage of contaminants

[C(in)] - [C(eff)] (100)
[C(in)]

=
I
~
w
~r

where

[C(eff)] = total concentration in effluent, mg/g

Surface runoff water quality

67. The laboratory surface runoff water quality test procedure was

field verified by establishing three plots in the FVP upland field site iden-
tical in size to the laboratory soil bed lysimeters (4.57 by 1,22 m). Alumi-

num boxes were constructed at the WES., asse ed in the field, and placed over

i9). The sides were 1.83 m high and were constr

®

the plots (Figur
easy removal ide plates in 15-cm increments as the dredged material con-
i

of s
solidated. The boxes were constructed and lowered into the dredged material

tory lysimeter tests.
68. Procedures for determining runoff rates and collecting samples in
collected samples, however, were analyzed for only SS, pH, conductivity,

copper, cadmium, chromium, manganese, zinc, and nickel. Initial laboratory

filtered samples and thus would provide very little useful information toward

field verification of the laboratory lysimeter tests.
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Statistical analysis

69. The two sources of variation were treatment (lysimeter or field)

and error. The null hypothesis was that lysimeter concentrations equaled

field concentrations, and the alternate was that lysimeter concentrations were
not equal to field concentrations. These hypotheses were separately applied
to filtered and unfiltered samples. Rejection of the null hypothesis indi-
cated that the lysimeter test did not accurately predict the field results.

70. One-sided T-tests* of significance were used to compare lysimeter

runoff concentrations with USEPA Maximum Criteria for the Protection of

* The T-test and tests of significance have P = 0.05 of a type I error
unless otherwise stated. Because the most likely receiving area for dis-
charged surface runoff was some type of aquatic environment, the USEPA Maxi-
mum Criteria for the Protection of Aquatic Life were selected as the
criteria for comparison with surface runoff (Lee et al. 1985).



The null hypothesis was that lysimeter runoff concentrations were greater than

t
the USEPA Criteria. The alternate hypothesis was that lysimeter concentra-

were a range, the lower limit was used. Rejection of the null hypothesis

indicated that no restrictions should be placed on surface runoff.

Site Management for Controlling Surface Runoff Water Quality

Plot establishment

71. Several soil were selected for testing at the site based

e
on recommendations contained in an Instruction Report by Lee et al. (1985).
) agricultural lime at 28.2 Mt/ha;

ha plus a 13-cm surface layer of sand plus a

plus horse manure at 112 Mt/ha; and (e) agricultural lime at 28.2 Mt/ha plus a
13-cm surface layer of sand plus a 6.6-cm surface layer of limestone gravel.

o
o
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The purpose of the agricultural lime was to raise the soil pH to
6.0 and 7.0 to allow vegetation to grow and to reduce soluble heavy metals.
S 1 site near t

and was collected from the u

.
the upland dis

iz

purpose of the sand and gravel was to provide a layer of relatively uncontami-

nated nonsaline material to allow plant rooting and growth before contacting

growing medium for the vegetation and to reduce soluble heavy metals.

2. Three plant species selected (Lee et al., 1985) and the upland estu-
arine plant of the WES plant bioassay were tested on the field site. The
plant species were selected on the basis of salt tolerance and incliuded:
Agropyron elongatwn (tall wheatgrass, variant "Alkar"), Festuca arundinacea
(tall fescue, var. "Alta"), Puccinellia distans, and S, virginicus.

m.

73. Th est plots were established on the FVP upland field site

(19
t

approximately 1 year after the dredged material had been placed in the site.

A 10.16- to 15,2-cm crust had formed on the surface of the material, and

i jer was

still very soft and gelatinous so that incorporating the soil amendments into

the material was impossible., Therefore, the soil amendments were broadcast

iS
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subdivided into four sections, and each was planted with one of the plant spe-

S
cies. Agropyron elongatum, F. arundinacea, and P, distans were planted by
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a) the control, (b) agricultural lime

~~

ant species. The treatments were

pl
plus sand plus limestone gravel, and (c) agricultural lime plus sand plus
1 t

three treatments were selected from the total of five treatments because
under time and budget constraints they would provide the most information on

the effectiveness of soil amendments for controlling surface runoff water

quality. Vegetation was established only on plots amended with horse manure.
Agropyron elongatum was selected for the runoff water quality work because of
its superior growth compared with the others.

75. Rainfall simulations and sampling were conducted in an identical

manner as the greenhouse lysimeter and the field verification tests. Surface

ti
runoff water samples were analyzed for SS, pH, filtered (dissolved) and unfil-
a

tered (total) cadmium, copper, manganese, nickel, zinc, and chromium.
Plant bioassay

76. A plant bioassay was conducted in situ 8 months after filling of
the site. The site had not yet completely physically stabilized. However, a

between the upper end and the weir, only a lI-cm crust had formed, and no crust
existed in front of the weir. A series of in situ EUs were established in
The procedure was to excavate the dredged material, place

nto the inner container of the EU, and th

He

e material from the excavation
the EU into the excavation. The upland site was also used to field

ce
verifv rainfall-surface runoff studies. Research conducted under the Environ-
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treatments were prepared by mixing the appropriate material with the dredged
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estuarine index plants, S. alterniflora and S. virginicus, two other species
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were planted in each EU. These species ha een used in prior runoff studies

conduected under the ETRP and had choun cal
co cteg ger Tthne LiIkr and nad snown sal
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distans and a Puccinellia spp. adapted to high-salinity environments along
highways in northern Illinois, where salt is used to melt road ice. EUs con-

situ in a controlled back

taining the four species were also planted in

area located near the site.

Animal bioassay

t of

rt

he animal bio-

L] - .1

s in the field along either

t
the bridge (the bridge can be seen in ). The earthworms died

4
during the test. So following recommendations from the Animal Bioassay Work-
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perforated-sides (0.5-cm) and open tops were embedded in selected field plots.

78. The field plots selected represented each of the restoration
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Therefore, further modifications were used to accelerate leaching of salt from

i
the upper layers of the dredged material (i.e., a roto tiller to break up the
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not increased within the remaining year of testing
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PART 1V: LABORATORY AND FIELD TEST RESULTS

Laboratory
—~aborarory
79. Results of the modified elutriate test procedure are summarized i

Table 1. The mean DO concentration for the tests was 5,03 mg/%, indicating
i

test of th

iz
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. , the concentrations of total and dissolved
arsenic and mercury and dissolved zinc were below detection limits. These
same variables were also below detection in the field samples. The measured
dissolved concentrations of cadmium were higher than the measured total con-
centrations, presumably due to analytical error. Consequently, no comparisons
of predicted and field values for cadmium were possible.

80. A predicted value of 216 mg/% for the effluent SS concentration was

T+ A +h4 - i
ults, and this value was used in

- -
ig tést res

conjunction with the elutriate data to predict total concentrations of contam-

inants in the effluent. These results are also summarized in Table 1.

rr

.
field

81, All field results for effluent water quality are summarized in

Table 2. Plots of the influent and effluent SS concentrations are shown in

Figure 20. The mean concentration of SS in the influent was approximately
61 g/%, while the mean concentration of SS in the effluent was approximately
173 mg

approximately 99.7 percent. This high solids retention efficiency shows that

the site, though small, was efficient as a settling bas

:J}

i
82, Conductivity and pH were relatively unchanged (Table 1). Compari-

son of DO values in the influent and effluent indicates a dramatic rise in DO
levels during retention in the pond (Figure 21). Mean influent DO was
0.63 mg/% while mean effluent DO was 5.57 mg/% during the same period. This

Iy

ixing of influent wi

S m

increase is probably due to turbulence and th air and

the ponded water. The high effluent DO concentrations indicated that oxidiz-
ing conditions were present in the ponded water.
83, Met

arsenic, cadmium, chromium, copper, iron, lead, mercury, manganese, nickel,

>
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Table 2

Summary of Field Results

Total Concentration, mg/f Dissolved Concentratilon, mg/f Fraction of TSS, mg/kg SST

Variable Influent* Effluent* _R Influent* Effluent* Influent* Effluent®
Total suspended solids 60,700 * 40,000 173 + 133 99.7 - - - —
Conductivity, mmhos/cm 20,500 + 1,270 20,300 + 1,470 - - - -- -
Dissolved oxygen 0.63 + 0,91 5.57 * 1.43 - - -- - e
pH 7.2 £ 0.16 7.3 £ 0.065 - — - -- --
Total phosphorus 80.3 * 95.3 2,92 + 0.507 - 2.88 * 34,0 0.96 * 0.377 1,700 = 1,710 13,100 *+ 4,870
Ammonia nitrogen 73.7 * 39.4 63.6 £ 3,62 - 66.5 * 0,119 60.4 * 4.55 99.5 + 51.5 23,600 + 24,500
Nitrate nitrogen -— -— - 0,104 % 5,45 0.12 + 0.133 - -
Total organic carbon 1,310 + 1,490 24,4 + 7,45 - 11.7 * 0.0016 2.71 £ 1,16 28,600 + 29,400 96,700 * 2,420
Arsenic 0.099 *+ 0.05 BD - BD BD--- -- -
Cadmium 1.34 + 1,04 0.0102 + 0.0132 99.2 0.0015 * 0.0045 0.0046 *+ 0.0012 34,5 + 23.8 21.3 £ 24.6
Chromium 58.4 * 48.9 0.400 t 0.393 99.3 0.0104 + 0.0139 0.0079 % 0.0047 1,290 + 986 2,060 + 703
Copper 38,5 * 26.2 0.82 + 0.826 97.9 0.0126 + 0.618 0.074 % 0.0362 1,000 + 880 3,760 *+ 1,600
Iron 755 + 608 8.22 + 5.55 98.9 2.36 * 0.0034 0.042 % 0.0315 6,800 + 11,700 48,700 + 14,700
Lead 14,0 £ 11.3 0.31 %+ 0.959 97.8 0.007-- 0.0100 + 0,0127 341 + 299 914 *+ 1,880
Mercury 0.023 + 0.013 BD - BD--— BD--~ - -
Manganese 7.52 + 5,88 0.36 * 0.088 95.0 0.36 + 0,083 0.28 + 0,0177 152 + 107 536 + 237
Nickel 5.01 £ 3,74 0.07 + 0.063 98.6 0.016 + 0.008 0.0329 + 0.014 112 £ 75.4 219 + 357
Zinc 52.2 + 42,4 0.39 + 0.358 99.3 BD--- BD--- 1,020 * 564 -
Total PCB 17.1%% + 5,97 0.0099 * 0.0222 99 - 0.0017 * 0.00094 - 64.2 + 221

* n =23 for influent and n = 48
n = 12 for influent and n = 24
BD = below detection.

for effluent for physicochemical variables, metals, and nutrients.
for effluent for PCB.

R = Retention efficiency defined as the ratio of total influent concentration minus total effluent concentration to the total influent concentration,

expressed as a percentage.
** Total concentration for influent PCB determined on mg/kg basis.
t Fraction of contaminants in SS as defined on page 35.
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data are typical of the metals results. The total concentration of all metals

showed dramatic reductions for effluent concentrations as compared with influ-

ent concentrations, indicating a high retention o
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excellent retention of particles removed metals through sedimentation. This

P
retention behavior is typical of most confined disposal sites.
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ally similar to those for metals, with high retention reflecting retention of
solids. Ammonia and nitrate nitrogen reflected little retention due to pond-
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ng and sedimentation as these compounds are not tightly bound to sediment

nen 1 as these com pounds a 10t tightly boun men

particles.

86. The results for PCBs were similar to that of the metals. Total PCB
h

concentrations showed a large n
the infiuent, with a calculated retention in excess of 99 percent. These
results were expected since organic contaminants such as PCB normally have a

high affinity for suspended particles and there was a significant decrease in
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Surface Runoff Water Quality

87. Filtered heavy metal concentrations in surface runoff from com-
posited BRH sediment laboratory lysimeters were equal to those of the filtered
surface runoff from the dred
from the site (Table 3). Comparison of results from the laboratory lysimeter
test immediately after disposal conducted on the composited sediment with

site showed that the initial mois-
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ture content at disposal had no statistically significant effect o
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tered heavy metal concentrations (Table 3) except for chromium. The
difference in filtered chromium concentrations, however, was small--less than
88. Unfiltered heavy metal concentrations from the composited BRH sedi-

ment used in the laboratory lysimeter tests were statistically greater than

dredged material from the FVP upland site, Unfiltered metal concentrations
from the BRH upland field site were not statistically different from the labo-
erences in col-
lection and disposal methods between the composited BRH sediment and the

i
tions., These differences owev
were small, less than an order of magnitude.

Dry sediment and dredged material

89. Comparison of surface runoff water
lysimeter tests and the field test on dry, oxidized sediment and dredged mate-
rial showed no statistical differences from either the unfiltered or filtered
heavy metal data (Table 4). Small differences in total heavy metal concentra-
tions that occurred in surface runoff from the wet, anaerobic condition were
not observed after the materials had dried and oxidized. Both laboratory
lysimeter tests predicted the physicochemical changes that occurred when the
laced in the actual confined upland disposal site. Fil-
tered concentrations of copper, manganese, zinc, nickel, and chromium from

both of the laboratory tests were not statistically different from concentra-

fnce o o
tions in the

o
mated the filtered concentration of cadmium. The laboratory lysimeter tests

w
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Table 3

Surface Runoff Water Quality from Wet
CQaddmant anmd Dradond Matrarial
UOUALLECLI L [=J 08N Y s L G\I-BCU iAiQveiracaa
Initial Dredged Dredged
Sediment Material Material
Parameter Lysimeter Lysimeter Field
SS, mg/ L 2,296 a* 10,326 * 5,040 a 9,247 * 6,049 a
pH 7.6 a 7.8 £ 0.07 a 7.5 + 0.18 a
Conductivity,
mmhos/cm 7.3 a 10.5 + 1.02 a 6.7 + 0.98 a
Unfiltered Heavy Metals, mg/%
Cd 1.172 £ 0,210 a 0.328 + 0,104 b 0,218 £+ 0,173 b
Cu 102 £ 19.9 a 34,6 £+ 15.2 b 24,5 + 17.3 b
Mn 11,5 + 2.30 a 3.83 £+ 1.51 b 2.61 + 1,73 b
Ni 6.48 + 1.32 a 2,04 + 0.965 b 1.63 £+ 1.02 b
Zn 53.7 * 10.6 a 16.0 + 7,08 b 16.1 + 11.4 b
Cr 61.2 * 13.7 a i9.3 + 8.87 b 15.7 £ 8.57 b
Filtered Heavy Metals, mg/%
Ccd 0.005 + 0.002 a 0.005 £ 0.002 a 0.0004 + 0.0002 b
Cu 0.058 + 0,010 a 0.011 £ 0.005 a 0.008 + 0.012 a
Mn 0.022 + 0.009 a 0.112 + 0.026 a 0.102 + 0.034 a
Ni 0.021 & 0.005 a 0.013 = 0.012 a 0.012 £ 3.005 a
Zn 0.05 + 0,003 a 0.120 + 0.087 a 0.081 * 0,036 a
Cr 0.014 + 0.004 a 0.004 + 0,001 b 0.002 + 0.002 b

* Concentrations from different tests followed by the same letter are not
statistically different at P = 0.05 .

did predict the increased solubilities of cadmium, copper, manganese, zinc,

and nickel as well as the continued poor solubility of chromium, which was

verified at the FVP field site. Surface runoff pH was statistically lower in

90. Comparison of the filtered heavy metal concentrations from the dry,

oxidized material with the USEPA Maximum Criteria for the Protection of

as harrad +h
A S

- T4 F y
uatic Life showe hat th

A~
Ag
zinc (Table 5). TFiltered concentrations of cadmium and zinc exceeded the cri-
teria by an order of magnitude, and copper exceeded the criteria by two orders

of magnitude.
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Surface Runoff W

and Dredged Material
Initial Dredged Dredged
Sediment Material Material

Parameter Lysimeter Lysimeter Field
SS, mg/% 320 a* 167 + 41 a 151 *+ 25.4 a
pH 6.7 a 6.2 + 0.07 a 4,7 + 0,42 a
Conductivity

mmhos/cm 4.9 a 5.3 1,2 a 6.0 £ 1,47 a

Unfiltered Heavy Metals, mg/%
Cd 0,110 + 0,020 a 0.133 + 0,109 a <0,.030
Cu 1.05 £ 0.232 a 0.970 + 0.339 a 1,47 + 2,1 a
Mn 0.295 + 0,049 a 0.190 + 0,085 a <0.100
Ni 0.150 ¢+ 0.072 a 0.183 & 0.039 a <0.520
Zn 1.10 + 0.234 a 3.62 + 1,40 a 2.98 + 2.4 a
Cr 0.650 + 0.101 a 0.255 *+ 0.113 a 0.293 = 0.15 a
Filtered Heavy Metals, mg/%

cd 0.08 * 0.017 a 0,112 £+ 0,111 2 0.016 + 0,02 b
Cu 0.109 £ 0.016 a 0.622 *+ 0.168 a 1.47 £+ 2,02 a
Mn 0.158 + 0.019 a 0.158 + 0,080 a 0.740 + 0.77 a
Ni 0.090 % 0.012 a 0.128 *+ 0,045 a 0.188 + 0.19 a
Zn 0.43 + 0.082 a 1.06 + 0.463 a 3.07 + 2.84 a
Cr 0.01 + 0.002 a 0.008 & 0,001 a 0.016 * 0.01 a

% Concentrations from different tests followed by the same letter are not
statistically different at P = 0.05 .

lots amended with

=2

lime plus horse manure and lime plus sand plus gravel plus horse manure.
Vegetation on these plots was sparse and occurred primarily in cracks where
the soil amendments were considered. All other plots were completely void of
vegetation.

Surface runoff water quality tests

w
1ts of surface runoff water quality tests conducted on the site

management test plots are presented in . Heavy metal concentra

in surface runoff from plots amended with lime, sand, and gravel were not



Table 5
Effects of Drying and Oxidation on Surface Runoff Water Quality
from the BRH Field Site

Field Field USEPA Maximum
Parameter Unfiltered Filtered Criteria

Wet Dredged Material

SS, mg/t 9,247 N* N

pH 7.5 N N

EC, dS/m 6.7 N N

cd, mg/k 0.218 0.0004 0.0015 - 0.0024

Cu, mg/% 24.5 0.008%* 0.012 - 0.043

Ni, mg/% 1.63 0.012 1.3 - 3.1

Zn, mg/4 16.1 0.081*% 0.180 - 0.570

Mn, mg/% 2.61 0.102 N

Cr, mg/% 15.7 0.002 2.2 - 9.9
Dry, Oxidized Dredged Material

SS, mg/% 151 N N

pH 4,7 N N

EC, dS/m 6.0 N N

Cd, mg/% <0.030 0.016% T 0.0015 - 0.0024

Cu, mg/% 1.90 1.47%%T 0.012 - 0,043

Ni, mg/% <0.520 0.188% 1.3 - 3.1

Zn, mg/% 2.98 3.07%* 7 0.180 - 0.570

Mn, mg/% <0.100 0.7407F N

Cr, mg/% 0.293 0.016 2.2 - 9.9

* N = no value available,
*%* TFiltered concentrations were statistically equal to or greater than the
USEPA Maximum Criteria for the Protection of Aquatic Life (P = 0.05).
T TFiltered concentrations were not statistically different from unfiltered
concentration (P = 0.05).

statistically lower than concentrations in surface runoff from the control
plots., The addition of horse manure to lime, sand, and gravel did, however,
significantly reduce both unfiltered and filtered concentrations of cadmium,
copper, nickel, manganese, and zinc. Addition of horse manure also reduced
the percent soluble cadmium, copper, nickel, and zinc in surface runoff

(Table 7).
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Table 6
Effect of Soil Amendments on Filtered and Unfiltered

Heavy Metal Concentrations, mg/%

Lime, Lime, Sand,
Parameter Control Sand, Gravel Gravel Manure
Unfiltered
Cd 0.55 * 0.44 a* 0.40 = 0.28 ab 0.06 £+ 0.02 b
Cu 57 * 38 a 38 + 20 ab 10 + 4.4 b
Cr 12 £+ 7.3 a 7.9 £ 1,5 ab 3.9t 1.4 b
Ni 3.5+ 2.2 a 2.7 + 1,4 ab 0.95 + 0.25 b
Mn 4,1 + 2.3 a 3.4 + 1.6 a 0.85 £+ 0.29 b
Zn 40 + 31 a 27 + 17 ab 3.7 1.2 b
Filtered
cd 0.56 * 0,44 a** 0.36 * 0.25 ab** 0.02 * 0.01 b**
Cu 47 * 34 ak* 31 + 21 a%*#* 2,0 £ 2,7 b*%
Cr 0.49 + 0.29 a 0.23 + 0.20 ab 0.004 + 0,004 b
Ni 3.1 + 2.3 a 2,2 1,4 a 0.21 # 0,14 b
Mn 3.1 £+ 2,2 a 2.6 + 1,6 a 0.33 # 0.21 b
Zn 40 + 29 a** 27 + 18 ab#** 2,3 + 1.7 b**

* Treatments with the same letters were not significantly different
(P = 0.05).

**%* Value exceeded the USEPA Maximum Criteria for the Protection of Aquatic
Life (P = 0.0).

Ground-Water Monitoring

93, Time constraints allowed only one sample collection from four of
the six wells prior to dredged material placement into the site. The analysis
of unfiltered ground-water samples for PCBs would represent a "worst case" for
contaminant release., Contaminants bound to particles or those that are part
of the mineral matter in the water are naturally filtered in an aquifer (Chen
et al, 1978; Bower 1978). The unfiltered ground-water samples collected at
6 months showed PCB levels slightly above initial background. Concentrations
of PCBs (Table 8) were slightly above background in ground water from monitor-
ing wells adjacent to the site at 6 months after dredged material placement;
after 12 months, only one well showed a slight increase above background; and
after 14 months, no PCBs were detectable in filtered and unfiltered ground-

water samples.
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Percent Soluble Heavy Metals* in Surface Runoff from
Field Plots Treated with Different Soil Amendments
Lime, Lime, Sand,
Parameter Control Sand, Gravel Gravel, Manure
cd 104 a** 99 a 47 b
Cu 73 a 72 a 15 b
Cr 5a 3a la
Ni 77 a 73 b 22 b
Mn 69 a 66 a 35 b
Zn 100 a 92 a 57 b
* Filtered or soluble concentrations divided by the unfiltered or total
concentration.
** Treatments with the same letters were not significantly different
(P = 0.05).
Table 8
PCB Ground-Water Analysis at the FVP Field Site
Sampling Time/Type of Sample (Concentration = ug/%)
Predredging 6-month 12-month 14—month
Well* Unfiltered Unfiltered Unfiltered Unfiltered Filtered
MWl <0.20 0.30 0.40 <0.20 <0.20
MW2 <0.20 0.30 <0.20 <0,20 <0.20
MW3 *& 1.30 <0,20 <0.20 <0.20
MW4 <0.20 0.40 <0.20 <0.20 <0.20
MW5 <0,20 <0.20 3.40 <0.20 <0.20
MW6 *% 8.7 16.0 <0.20 <0.20

* Wells MWI-MW4, located outside the disposal site, and MW5, located within
the disposal site, were designed to monitor the ground water.
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and manganese in

predredging ground-water samples were above the Connecticut ground-water
standards. This indicated that the ground-water was already contaminated.

Arsenic concentrations in ground-water samples from the wells around the site

standard for only one well

remained above the standar f 11y on
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Table 9
Metal Analysis of Ground Water at the FVP Upland Site, Concentration, ug/%

Sample Well* AS Ccd Cr Cu Fe Pb Mn Ni Zn Hg
Pre/Unfil
MW1 0.056 0.0031 0.087 0.160 14.7 0.185 0.834 0.649 0.680 0.0006
MW2 0.056 0.0069 0.008 0.023 1.23 0.039 0.620 0.358 0,063 <0,0004
MW4 0.049 0.0029 0.056 0.095 9.32 0.126 0.697 0.946 0.187 <0.0004
MWS5 0.680 0.0276 0.496 0.882 52.7 0.906 7.02 6.49 1.32 <0,0004
6-Mon/Unf
MW1 0.009 0.0049 0.004 0.012 2.25 0.006 0.449 0.067 <0.030 0.0007
MW2 0.031 0.0232 0.004 0.059 0.119 0.003 0.364 0.397 0.060 0.0005
Mu3 <0.005 0.0012 0.003 0,036 9.45 0.042 1,11 0.031 <0.030 <0.0004
MW4 0.076 0.0028 0.004 0.024 0.383 <0.001 0.099 0.225 <0.030 0.0005
MW5 0.160 0.0068 0.012 0.036 15.3 0.033 0.502 0.202 0.063 0.0006
MW6 0.008 0.0777 0.517 1.27 7.48 0.102 1.02 0.579 5.92 0.0008
12-Mon/Unf
MWi 0.006 0.0120 0.006 0.045 4,81 0.028 0.206 0.128 0.092 <0.0004
MW2 0.033 0.0571 0.003 0.087 0.043 <0.001 0.466 0.381 0.043 <0.0004
MW3 0.004 0.0082 <0.001 0.011 6.91 0.011 1.01 0.040 <0,030 <0.0004
MW4 0.070 0.0012 <0.001 0.026 0.233 0.003 0.133 0.337 <0.030 <0,0004
MWS5S 0.120 0.0012 0.089 0.081 11.5 0.050 0.554 0.464 0.104 <0.0004
MHE 0.006 1.32 0.292 25.3 4,25 0.051 2.96 2.08 26.3 <0.0004
14-Mon/Unf
MW1 <0.005 0.0028 0.002 0.036 3.10 <0,001 0.316 0.103 0.068 <0.0004
MW2 0.032 0.0088 0.005 0.063 0.071 <0.001 0.426 0.329 0.042 <0.0004
MW3 <0.005 0.0007 0.004 0,003 6.79 <0.001 0.881 0.030 <0,030 <0.0004
MW4 0.069 0.0008 0.003 0.008 0.346 <0.001 0.095 0.185 <0.030 <0.0004
MW5 0.650 0.0057 0.307 0.677 76.5 <0.001 0.693 2.89 0.715 0.0006
MW6 0.038 1.32 2.07 79.4 28.3 <0.001 4.16 3.54 28.2 0.0030
14-Mon/Fil
MW1 <0.005 0.0027 0.009 0,010 <0.030 <0.001 0.278 0.038 <0.030 <0.0004
MW2 0.032 0.0144 0.005 0.065 <0.030 <0.001 0.416 . 0.322 <0.030 <0.0004
MW3 <0.005 0.0005 0.005 0.022 <0.030 <0.001 1.36 0.029 <0.030 <0.0004
MW4 0.074 0.0011 0.003 0.010 <0.030 <0.001 0.086 0.170 <0.030 <0.0004
MW5 0.085 0.0022 0.003 0.011 <0.030 <0,001 0.693 0.480 <0,030 <0.0004
MW6 <0.005 1.26 0.029 47.5 0.053 <0.001 3.54 2.84 25.8 <0.0004
*% 0.05 0.010 0.05 1.0 0.3 0.05 0.05 - 5.0 0.002

* Wells MW1-MW4, located outside the disposal site, and MW5, located within the disposal site, were designed to monitor the ground water. Well MW6 was
used to monitor interstitial water of the dredged material in the disposal site.

*%* Connecticut ground-water standard (American Petroleum Institute 1983).



decreased over time. Wells MW2 at 6, 12, and 14 months and MWI at 1Z months

contained cadmium above the standard; all other wells were below Connecticut
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present in excess of the State standards in filtered ground-water sampies from

one of the wells (MW2) after 14 months. Iron and manganese exceeded Connecti-
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ground-water standards; however, iron and manganese
decreased in all the wells outside the site when compared with predredging
concentrations, Copper, nickel, zinc, and mercury did not exceed State stan-
dards in any of the grodnd-water samples taken from around the site and in

most cases decreased when compared with predredging concentratio

decreased in concentration in all the wells compared with predredging levels,

which indicated that manganese was present in the soils before disposal opera-

was also above State standards before disposal operations. Cadmium appears to

t
be the only heavy metal migrating from the site; therefore, monitoring of
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Plant Response

Laboratory
95. Chemical analysis of the BRH sediment (Table 10) indicated that the

would eventually become extremely acidic (dry vy pH < wet pH) and highly

saline upon air-drying (high EC); thus, under upland disposal conditions, the
dredged material would become a harsh environment for plants to survive. Pre-

investigations involving similarly acidic saline sediments (Folsom 1982a
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possible only if the sediments are rinsed wit
are limed to increased pH.

36. Total metal contemnt (
high; the copper content was extremely high (Folsom, Lee, and Bates 1981).

The data show that air-drying resulted in increase DTPA extractable metals.

a g htly r
ability of cadmium, copper, and nickel; DTPA extractable chromium and lead

were increased. Based on results of the DTPA extractions, one could predict
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Table 10
Selected Physical and Chemical Parameters

of BRH Sediment

Parameter Concentration
Organic matter 19.5%
Salinity 28.0 ppt
Electrical conductivity 35.7 dS/m
CaC03 equivalent 0.97
pH wet 7.6
pH reconstituted* air-dried 6.6
Lime requirement#%* 4.8 mg/g
0il and grease 17.5 mg/g
Total sulfur 1.3%

* Reconstituted air-dried pH is pH of a 1:2 sediment to solution suspension
using air-dried sediment,
*% Air-dried upland sediment limed to pH 7.0.

Total Acid Digestible and DTPA Extractable Concentrations (ug/g)

of Selected Metals in BRH Sediment

Total DTPA Extractable

Heavy Acid Digestible Original Sediment Washed Sediment
Metal Original Sediment Flooded Upland Upland

Zn 1,370 3.33b* 962a 961a

Cd 23.3 0.047c 28.7a 26.6b

Cu 2,860 0.473c 387a 225b

Ni 203 7.59%¢ 66.9a 53.0b

Cr 1,403 0.313c 0.828b 2.16a

Pb 399 0.175¢ 16.3b 28.6a

* Mean of four replicates. Means followed by the same letter in a row are
not significantly different at P = 0.05 using Waller-Duncan K-Ratio
T-Test.
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wetland disposed sediment. Also, the chemical data from the laboratory por-
tion of the plant bioassay indicated that S. alterniflora and S. virginicus

would not grow especially well under upland conditions and would accumulate

.
excessive levels of heavy

3

etals,

97. As expected from the chemical analyses of composited BRH sediment

(Tables 10 and 11), both S. alterniflora and S. virginicus did not grow well
h

e greenhouse in the composited unwashed air-dried (upland) BRH sediment:

(=,

only one plant of one replicate of 5. alterniflora survived. The elevated

heavy metal content of the surviving plants could be explained b he reduced
plant growth (S. alterniflora, Table 12; S. virginicus, Table 13 (Folsom and
Lee 1985)). Plants grown in washed sediment under an upland condition grew

better than those grown in the unwashed sediment under an upland condition.

Analysis of variance conducted on the greenhouse-grown S. alterniflora data
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land treatment was extremely high (Tabl

etal content of S. virginicus grown in the oxidized-washed sediment was
tatistically different from that of plants grown in sediment under original
not at P = 0.05 (Table 13).

nditions at P = 0,10 , but

Sporobolus virginicus grown in washed-upland sediment overpredicted all t

metals except cadmium. Apparently, in the case of S. alterniflora, removing

excess salt allowed better plant growth compared with plant growth in the
unwashed upland sediment. The increased growth of plants on the washed upland
sediment diluted the metals within the greater plant biomass, which resulted
in decreased heavy metal concentrations. In situations where plant growth

does not increase (e.g., S. virginicus), then heavy metal concentrations
appear to increase and plant uptake of heavy metals may appear to be greater

from air-dried upland sediments than from the flooded sediment, resulting in

overprediction of hea
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1is am

k
for S. alterniflora grown in Wales* and was observed by Folsom and Lee (198la

and 1981b) when freshwater plants were grown in freshwater sediments under

1T

P i B ~
both flooded

Hh

* Personal Communication, Dr. Brian E. Davies and Ms. Nicola J. Houghton,
University College of Wales, Penglais, Aberystwyth, Great Britain.
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Plant Content (ug/g) of Selected Metals in Leaf Tissue of
S. alterniflora Grown in Sediment from BRH
B Greenhouse _Field, 1986
Heavy Original Sediment Washed Sediment Wetland Upland
Metal Flooded Upland* Upland Flooded Upland
Zn 12,1 * 1.26*%% 219 26,2 * 16.7 19.2 *+ 7.05 No survival
Cd 0.041 * 0.007 0.91 0.10 + 0.08 <0.0025
Cu 4,02 + 1,39 18.7 2.81 +* 2,35 7.48 * 5,55
Ni 0.954 * 0.388 T 1.51 + 1.68 0.743 £ 0,67
Cr 0,274 * 0,322 0.93 10.3 * 12.3 6.17 * 5,49
Pb 0.237 % 0.44 1.53 <0.013 0.945 = 0.89
* Only one replicate supported plant growth.
*% #] standard deviatiom.
+ NAat+ analuvzad
' AU & (=38 %<0 Qe
Table 13
Plant Content (ug/g) of Selected Metals in Leaf Tissue of
S. virginicus Grown in Sediment from BRH
Greenhouse Field
Original Sediment Washed Sediment Wetland Upland
Heavy Metal Flooded Upland Upland Flooded Upland
Zn 26.2c* 40.1b 86.3 No survival 66.0ab
cd 0.857b 0.684b 1.34ab 2.22a
Cu 10.7b 24,3ab 34,5a 19.8b
Ni 6.82bc 22.8a 13.4b 5.38c
Cr <0.025¢ 8.64ac 0.506b 7.64a
Pb <0.01i3b <0,013b <0.013b 1.56a
# Means within a row followed by the same letter are not significantly
different at P = 0,10 using the Least Significant Difference method.
63



s .
excess salt and the pH is adjusted by the addition

e

of lime, good plant growth can occur. The air-drying process that results in

increased availability of metals in combination with enhanced plant growth due

to salt removal and pH adjustment may mask increased plant uptake of heavy
metals (i.e. a dilution effect). Removing excess salt from sediment by wash-

ing is similar to natural salt leaching from rainfall so that washing may be

used as part of th
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plants growing on estuarine dredged material in upland disposal sites.
Field

98. Plant death in the upland site was very convincingly predicted

PRy T omccmma smmand e o
e greeinouse poroioun o

w
+Hh
cr

ts o

Hl
}_.a

from the chemical data and resu h

assay. An in situ plant bioassay was attempted at the FVP upland site, but no
plants survived. Since prediction of plant death was so strong, S. alterni-
survived, based on the greenhouse prediction using the washed upland sediment

data, if the acidic condition was corrected by addition of lime. Analysis of
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predicted. Cadmium and zinc contents in the field-grown plants were rela-
tively close to values observed in the greenhouse. Nickel and copper were
predicted to be elevated; field results showed, however, that they were not
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c a
decreased during the test period (Table 14). Although the worms were not

counted, the 56-percent decrease in animal weight recorded in the mixture of
BRH sediment and WES reference soil was largely due to the reduction in the

number of worms. The reduced weights from the other two substrates (16 and

12 percent of the beginning live weight) appeared to be due to starvation
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Table 14

Weight Changes of Earthworms After 7-Day Exposure to

Various Substrates (BRH)

Weight of Worms, g (wet wt)
Weight Loss in

Substrate Initial Final%* 7 Days, 7
107 BRH sediment + 907
WES reference soil 40 17.4 £ 5.4 56
BRH reference sediment 40 33.7 £ 1.8 16
WES reference soil 40 35.0 £ 1.5 12

* Mean of three replicates #*1 standard deviation.

101. Results of the analysis of the earthworm tissue for cadmium, chro-
mium, copper, nickel, lead, zinc, and mercury in relation to substrate levels
indicated that bioaccumulation was not demonstrated (Table 15). Some accumu-
lation of chromium, copper, nickel, and lead was expected due to the high con-
centrations of these metals in the substrate material; however, the
concentrations of these elements with the exception of copper in the worm tis-
sues were quite low. In contrast, cadmium was found to be consistently higher
in the worm tissue than in the substrate material, even in background tissue
levels. This may have been due to a higher-than-desirable background level of
cadmium (4.55 ug/g) in the worms prior to the test period or to the potential
of the earthworm to accumulate cadmium from low levels in the media (Harten-
stein, Neuhauser, and Collier 1980). The values reported in the literature
for various earthworm species indicated that cadmium levels in earthworm tis-
sues are generally greater than those of the substrate (Simmers et al. 1986).
All PCBs and PAHs were below detection limits in the earthworm tissues.

102. Field tests conducted at the site indicated that field verifica-
tion of the laboratory earthworm bioassay was not possible. The salinity of
the dredged material was too high for survival of soft-bodied soil inverte-
brates. The field tests attempted to exploit the alterations made through the

site restoration/vegetation procedures. However, no earthworms survived in
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Contaminant Concentrations in

E
Laboratory Exposure to Various Substrates

Type of Substrate - Contaminant Concentration,* pg/g dry wt

10% BRH Sediment BRH Reference WES Reference Background
Comtam- + 90Z WES Sediment Soil Worm Tissue
inant S** T S T S T T
Cd 2.9 5.83 * 0.80 2.9 4.26 + 0,55 0,2 3.80 * 0.34 4,55 + 0,21
Cr 191 4,73 + 1,55 314 6.96 + 0.28 8.07 2.53 % 0.06 1.90 * 0.20
Cu 330 34,1 = 1.4 438 33.8 £ 1.3 5.86 12.0 + 0.60 11.25 %= §.52
Ni 29,6 6,03 + 2,97 45 3.07 + 0.8 15,0 3,33 + 1,18 0.49 * 0.46
Pb 63.5 7.6 + 0,13 135 5.13 + 0.63 10.3 4,7 + 0.10 5.23 * 0,40
Zn i76 116.5 # 2.3 329 112.3 % 1.5 29,5 102.6 + 0.6 118.5 = 2.9
Hg 0.19 <0.05 0.5 <0.05 <0.05 <0.05 <0,05

* Concentration is mean of three replications #*1 standard deviation.
*% S = gubstrate.
T = tissue.
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Comparison of the laboratory and
field modified elutriate test procedure

redicted in the laboratorv was directlv
redicted 1n the laboratory was directl

103. Effluent water qt ality v y

compared with the field data for purposes of verifying the accuracy of the

overall predictive technique. Dissolved concentrations of contaminants and
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ure 24, Ratios of predicted mean values
are summarized in Table 16,

104. Accuracy of the modified elutriate test procedure as a predictor
most cases, predicted results were
within the range of the field results; however, the data were highly variable.
Predicted results were on the conservative side for most of the contaminants
ractions are higher
observed field fractions). This can be explained by the fact that
quiescent laboratory testing conditions, only the fine colloidal particles

will remain in cue
wllii remain 1in sus

n ension In the field

currents can cause coarser particles containing relatively low levels of
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adsorbed contaminants to be discharged in the effluent. ince finer particles
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TSS.

105. The predicted concentrations of most dissolved contaminants were
lower than the observed field concentrations. This may be explained by the
potential scavenging of dissolved contaminants by the settling of particles,
which occurred more effectively under the quiescent laboratory condition.

106. Ratios of predicted to field values are summarized in Table 16.
Predictions made by the modified elutriate test procedure were within a factor
of 1.5 times the field value for 20 of 24 parameters measured. Accuracy
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Figure 23. Plots of means and standard deviations
of modified elutriate laboratory test and measured
field data, BRH
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Figure 24, Plots of means and standard deviations of
laboratory predicted and measured field data for
total concentrations of contaminants

for evaluation of the suitability of dredged material for open-water disposal,
such as standard elutriate tests.

Comparison of predicted total
concentrations with field data

107. As with the modified elutriate test procedure, predicted values of
total contaminant concentrations were generally on the conservative side
(i.e., higher predictions than that obtained in the field). This behavior
would be expected since both the predicted TSS concentration, as estimated by
column settling data, and the associated contaminant fractiomns, as estimated

by the modified elutriate data, are conservative.
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Ratios of Predicted Effluent Concentrations

tr
to Field Mean Effluent Concentratiomns

Dissolved Fraction of Total
Parameter Concentration TSS Parameter SS
Conductivity - - 1.3
Dissolved oxygen 1.4 - -
pH 0.9 - -
Total phosphorus 1.0 - -
Ammonia nitrogen 0.2 0.7 0.7
Nitrate nitrogen 0.5 0.4 0.5
Total organic carbon 0.3 - -
Chromium 2.3 2.2 2.8
Copper 0.3 0.9 1.0
Iron 0.1 0.7 0.7
Lead 0.8 1.3 1.7
Manganese 0.3 2.6 1.7
Nickel 0.9 1.2 1.1
Total PCB 1.5 2.0 2.1
0.8 0.9 1.3
Avg ratios for all

parameters 0.8 1.3 1.4

108. The column settling analysis predicted 216 mg/% as t

concentration, which is 1.3 times the mean field effluent concentration of

173 mg/%. This degree of conservatism was reflected in the subsequent pre-
diction of total contaminant concentrations. These predictions were within

factor of 1.5 times the field values for 7 of 11 parameters. Predictions

a
for the remaining parameters ranged from 1.7 to 2.8 times the field value.
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Surface Runoff Water Quality

109. Results of the surface runoff water quality test procedure con-

, anaerobic sediment showed that contaminants were poorly soluble
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heavy metals in surface runoff from the FVP upland site were excessive but

easily controlled. Allowing the SS to settle out of the surface runoff would

o
et
<
®
[V
e}
H
Hh
[
=
[
13
=
(1
(=9
(2]
Q
=}
8
=]
ol
=}
o)
=}
ct
n
o
=}
n
=
lal
laa]
[
(2]
o
g
j=}
(o}
h
Fh
H
Ia}
o]
B

the Protection of Aquatic Life may still be exceeded. iltered concentrations
of copper and zinc in surface runoff from the wet, anaerobic BRH dredged mate-
rial were equal to the criteria. Based on these results, no restriction or
control measures were indicated for dissolved contaminants in surface runoff
while the BRH dredged material remained wet, anaerobic.

111. When contaminated dredged material is allowed to dry and oxidize,
significant physicochemical changes that occur in the material increase the
solubility of some contaminants. Filtered or dissolved concentrations of cad-
mium, copper, nickel, zinc, and manganese in surface runoff from dry, oxidized
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dreaged mdierlidl were unoc

2]

aticttoalle di
tatistically ai

therefore only decrease chromium.

112, Comparison of £

teria for the Protection of Aquatic Life showed that the criteria were sig-

nificantly exceeded by cadmium, copper, and zinc by one to two orders of

rh

g orm o
dissolved contaminants in surface runoff from an FVP upland site. Examples of

possible restrictions or control measures include:

a. Congidering a mixing zone in the discharge receiving area.
b. Capping the contaminated material with clean uncontaminated
material.
*
c. Containing all surface runoff on the disposal site.
d. Treating the surface runoff before discharge.
e. Treating the dredged material with soil amendments to reduce
the solubility of the contaminants.
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disposal site primarily because of high salt concentrations (electrical con-
ductivity 30 to 60 ds/m) and low soil pH (pH < 5.0). While many very salt-
h dent

ong warvr
Ui <S4
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able to tolerate the extremes found at the field site. The addition of large

quantities of soil amendments including horse manure, lime, sand, and gravel

did allow some sp ecies to exist on

did allow some species to exist on the site, However

mainly in the cracks. As the upland disposal site ages, sait will be leached

from the material, and plant survival and growth will improve on the site.
114, Low soil pH can severely inhibit plant survival and growth on a

d
me requirement tests. Lime requirement
f

redged material for these field tests and the
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the dredged material tested

f
in earlier laboratory lysimeters and field verification test plots. The field
d
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the site, and the surface runoff tests were conducted 3 years after disposal.
During these 3 years, the site was managed to prevent contaminants from being

e
discharged from the site by controlling the discharge weir. This control

measure had significant long-term effects on the dredged material by trapping
salts, eroded particulates, surface runoff water, and soluble and insoluble
heavy metals on the disposal site. For this reason, filtered and unfiltered
heavy metal concentrations in surface runoff were greater from th

agement test plots than from the earlier laboratory surface runoff predictions
and field verification tests.
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116. o
heavy metal concentrations in surface runoff from the FVP upland site. Fil-

tered or dissolved concentrations of cadmium, copper, nickel, zinc, and



manganese were reduced by an order of magnitude with the addition of horse
d

manure to the lime, sand, and gravel.

1i7. The combination of the large quantities of soil amendments on the
surface of the plots along with the established vegetation reduced the erod-
1 f

the dredged material and thus the total or unfiltered concentra-
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significantly reduce the percentage of soluble metals cadmium, copper, nickel,

zinc, and manganese. The overall effect was to significantly reduce the
unfiltered and filtered concentrations of heavy metals in surface runoff from

plots amended with lime, sand, gravel, and manure
118, Although filtered concentrations of heavy metals in surface runoff
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, and zinc stil
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magnitude, the filtered concentrations of cadmium, copper

exceeded the USEPA Maximum Criteria for the Protection of Aquati i
land disposal of BR
dredged material. If a mixing zone in the receiving area outside the disposal

site were considered, then the addition of the soil amendments might reduce

the size of the required area by an order of magnitude. For other less con-
taminated dredged material, these soil amendments could reduce the filtered

heavy metal concentrations to within the selected criteria.
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Results of the ground-water monitoring at the FVP upland site indi-
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after placement of the BRH sediment into the site. However, due to the lack

of background data, it may not be accurate to state the PCBs migrated into the

limits. Analysis of ground water for heavy metals indicated that cadmium

t
might have been the only metal to have migrated from the site into the ground

water. Iron was associated with particulate matter and wou ]
within the upper reaches of the aquifer. Although manganese appeared to have
migrated from the site, manganese concentration in all the wells decreased
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Connecticut State standards both in unfiltered and filtered ground-water sam-
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and is probably not migrating from the FVP site. Cadmium appears to be the
only heavy metal that showed increased concentrations in ground water after
disposal operations. Monitoring of the ground water in wells from around the
upland site would be warranted in light of these findings to verify that
migration of cadmium had occurred. Since the dredged material has drained and
dried out, it may turn out that migration of cadmium has ceased and that its
migration was only transient. Also, because of a lack of background data and
the effect of possible seasonal fluctuations, cadmium too may not be migrating
from the FVP upland disposal site. In any case, further monitoring of cadmium

in the ground water at the FVP upland disposal site should be conducted.

Plant Response

120. Contaminated dredged material placed in confined upland disposal
sites eventually becomes vegetated with a variety of natural plant species
(Lee, Folsom, and Bates 1983). The availability or release of contaminants
contained in dredged material has been shown to increase as the material
undergoes oxidation (Gambrell et al. 1977). The plant bioassay procedure was
developed to investigate potential mobility of contaminants into the environ-
ment through uptake of contaminants by plants grown on contaminated dredged
material. Research results showed that plant uptake of heavy metals increased
as the degree of oxidation increased in freshwater sediments (Folsom, Lee, and
Bates 1981; Folsom and Lee 198la and 1981b; Folsom and Lee 1985). The plant
bioassay procedure developed for freshwater sediments was applied to an estu-
arine sediment in the laboratory/greenhouse, and heavy metal uptake by the
plants was determined. The same plant species were grown in contaminated
dredged material placed under field conditions. These plants were analyzed
for heavy metals. The plant contents of field-grown plants were compared with
those grown in the greenhouse,

121. The greenhouse study predicted that the plants would not grow in
unamended dredged material in the field. Field results verified this predic-
tion as no plants survived in the unamended material. The greenhouse data
predicted that if the dredged material were amended to correct for low pH, a
salinity-tolerant plant species might survive. Plants did survive in the
amended dredged material in both the greenhouse and the field. Results from

the greenhouse predicted that plants grown in the washed, amended material
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would take up excessive amounts of some of the heavy metals and not take up
others. Analysis of field-grown S. virginicus revealed that uptake of all the
metals was not accurately predicted. Cadmium and zinc contents in the field-
grown plants were relatively close to values observed in the greenhouse.
Greenhouse test results indicated that plant contents of cadmium and zinc
would be elevated; field results also showed that they were elevated., Nickel,
chromium, and copper were predicted to be elevated; field results showed,
however, that they were not elevated. Lead content was predicted to be low by
greenhouse~grown plants; field-grown plants, however, had higher lead con-
tents. Adjustments need to be made to the estuarine plant bioassay procedure
to improve prediction of plant uptake of the heavy metals (especially lead,
from estuarine dredged material to be placed in an upland disposal

environment).

Animal Response

122, The earthworm bioassay procedure has proven to be a highly sensi-
tive and reliable test procedure in the prediction of potential toxicity of
freshwater sediments both at the time of dredging and after disposal (Simmers,
Richards, and Pikul 1986; Simmers et al. 1986), Some difficulties are inher-
ent in the utilization of this test procedure to predict the potential conse-
quences of upland disposal of estuarine dredged material, Observations at
several confined disposal facilities containing dredged material from estu-
arine projects have confirmed the relationship of salinity to earthworm
toxicity or the inability of earthworms to be early colonizers of such sites,
This appears to be an osmoregulatory problem as hard-boiled invertebrates with

more conservative water regulation strategies can and do colonize such sites.

Field Verification of Laboratory Methods Placed Under Field Conditions

123, The laboratory predictions of the earthworm bioassay test procedure
were confirmed in the field., It was predicted that earthworms would not sur-
vive in the undiluted BRH dredged material under oxidized, upland conditions;
and through 1986, none did. This appears to be the result of osmoregulatory

limitations of the earthworm and not contaminants.
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PART VI: CONCLUSIONS

124, The modified elutriate test adequately predicted the dissolved con-

effluent for the FVP site. Comparison of replicate test restults with field

data indicated that the modified elutriate test was generally a conservative
predictor. The modi
values for DO, pH, and conductivity; dissolved ammonia nitrogen, nitrate
nitrogen, total phosphorus, chromium, copper, iron, lead, manganese, nickel,
1

and PCRe and
allG ruvo, aild

copper, iron, manganese, and PCB. Values for particle-associated total

organic carbon, lead, and nickel, and dissolved total organic carbon were

within 2.0 to 2.6 times the field value, The column settling analysis and
corresponding prediction of efflue SS concentration compared favorably with

field data and yielded a conservative estimate of the effluent SS for the FVP
ict

3 times the field value.

i25. Laboratory lysimeter and field surface runoff water quality test
procedures conducted on the composited BRH sediment and the subsequent FVP

pland dredged material showed that significant physicochemical changes did

e (=4

[=

Awmer and
u u

-
L y all

~wd
UA L

<]

ccur in the dredge t

o

d ia d
changes significantly modified the surface runoff water qualit
S

dredged material.

= g
o
3
w B
o
ot
o
-
0
o
=
|

centrations were measured i
dized, whereas significant increases in filtered concentrations of copper,

cadmium, nickel, manganese, and zinc were measured. Filtered concentrations
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oxidized. These results were shown on the laboratory lysimeter tests con-

ducted on both the composited BRH sediment and the subsequent upland dredged

material and then field
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126. Results of the ground-water monitoring at th
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an initial plume of PCBs may have migrated into t
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e ground water after place-
ment of the BRH sediment into the site. However, after 14 months, PCB levels

had decreased to below detectable limits, which indicated that any migration
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that only cadmium may have migrated from the site into the ground water.

Arsenic, manganese, and cadmium concentrations were above Connecticut State
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and manganese concentrations were above standards prior to disposal

operations.

Plant Bioassay
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e heavy metal uptake by plants from composited BRH sediment. The
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the field., This was verified as no S. alterniflora plants

survived in the unamended material. The laboratory test predicted that amend-
H

ment of the dredged material to raise the pH and washing to remove excess

salinity might result in survival of a salinity-tolerant plant species such as

1l1L speclco S 1

S. virginicus. Sporobolus virginicus did survive in the amended material in
both the laboratory and the field.
128. Laboratory test results indicated that plant contents of cadmium

and zinc would be elevated; field i d a
Nickel, chromium, and copper were predicted to be elevated; field results
1

e
showed, however, that they were not elevated. Lead content was predicted to
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129, The upland animal bioassay procedures applied to the composited
BRH sediment predicted that the earthworms would not survive in undiluted BRH
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dredged material under oxidized, upland conditions; and through 1986, none

did.
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PART VII: RECOMMENDATIONS

Effluent Water Quality

made under a wider variety of operating conditions. These additional compari-

sons should also include organic contaminants with varying tendencies for

s. The testing procedures may then be modified if

appropriate to improve accuracy and/or precision. This is currently an

ongoing effort under the CE Long-Term Effects of Dredging Operations research

Surface Runoff Water Quality

an e

131. The only significant difference betw

e
tests and the field tests was that surface runoff pH was lower in the field.

132. After the initial dewatering of the site, the outlet weir was con-
trolled to prevent surface runoff from being discharged from the site. All

surface runoff from the laboratory lysimeters, however, was completely removed
from the lysimeter. During the first 5 to 6 months of drying and oxidationm,
capillary along with acid-forming materials such as sulfides. As the moisture

evaporated, the acid-forming materials were deposited at the surface and then

redissolved during storm events, either simulated or natural.
133. Because the runoff was discharged from the laboratory lysimeter and

not from the field site, acidity was removed from the laboratory lysimeter but
A

, resulting in a lower pH in the field. Heavy metals

| AL L LY Lile L 1lE1U.

during the first to 6 months were poorly soluble and would not have been

3 w

leached from the material until later. The low pH that developed in the

ged material at the FVP field site was predicted using techniques

; -

developed to predict lime requirements on acid mine spoil material. It is

recommended that the site be managed to prevent contaminants from being
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134, Only cadmium appeared to have migrated from the site after

L mAantho | & P
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sible effects of seasonal fluctuations in the ground water at the FVP upland

site, ground-water monitoring should be conducted. Since the dredged material
h

ha nd dried out t is

»
s

s

and that its migration into the ground water was only transient and may not

represent a major problem.

135. Results of the estuarine plant bioassay indicated that adjustments
are needed in the procedure to improve prediction of plant uptake of metals.
One such adjustment should deal with simulating the natural "aging" of the
dredged material. Even though excess salinity was removed in the labo-
vashing, there may not
drying process to adequately simulate oxidation of organic matter and sul-
fides. It is recommended that future implementation of the estuarine plant
bioassay procedure consider this long-term oxi

ratory prediction of contaminant mobility into the environment through plant

uptake,
Animal Bioassay
136, After two years of drying and aging; the dredged material in the

FVP upland site was still toxic. The short-term prediction of potential tox-

P
icity has been made in the laboratory and verified in the field. Long-term

otential contaminant uptake by animals at the site cannot be accurate until
the toxic effect of salinity is reduced through modifications of the labora-
tory procedures of the animal bioassay. Not only must salinity be removed,

but, as in the plant bioassay. the long-term effect of oxidation of organic

1
animal bioassay will be able to predict potential contaminant uptake.
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